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Historically^ wind driven energy conversion devices can be 

CONSIDERED AS ONE OF MAN'S TRULY BASIC MACHINES, SIMPLE VERTI- 
CAL AXIS WIND MACHINES WERE PROBABLY IN EXISTANCE IN PERSIA 
SEVERAL HUNDRED YEARS BEFORE THE TIME OF CHRIST (ReF. 1 & 2) , 
These primitive wind machines stayed the same until the 12th 

CENTURY WHEN ALMOST SIMULTANEOUSLY IN FrANCE AND ENGLAND THE 
HORIZONTAL-AXIS OR DUTCH-TYPE WINDMILL MADE ITS APPEARANCE 

(Fig. 1), Dutch settlers brought this type of windmill to 
America in the mid-1700's (Ref, 3), These windmills typically 
ground grain and pumped water. Through the years, the design 
of these windmills changed only superficially. In 1890, the 

first OF THE MODERN WINDMILLS FOR PRODUCING ELECTRICITY WAS 
designed, BUILT AND PUT INTO SERVICE IN DENMARK (ReF. 1 & 4) , 

They must have liked what they had because by 1908 several 

HUNDRED WIND POWER STATIONS PRODUCING FROM 5“25 Kw DOTTED THE 

Danish landscape. Wind machines also played a significant role 
IN rural America up until the 1930 's when the Rural Electrifi- 
cation Act (REA) provided cheap electricity to the farmers, 

The remnants of many of these early wind machines are still 
visible in various parts of the country. All of these machines 
WERE relatively SMALL AND DID NOT PRODUCE MUCH POWER. 

In the 20th century, the search for power led many countries 

TO FURTHER CONSIDER THE WIND. THE POWER DENSITY OF THE WIND 
versus WIND SPEED IS PRESENTED IN FlG, 2, As AN ILLUSTRA- 
TIVE EXAMPLE, NOTE THAT AT A WIND SPEED OF 13 MPH, APPROXIMATELY 
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10 WATTS OF POWER IS CONTAINED IN EACH SQUARE FOOT OF WIND AREA 
(where area is taken PERPENDICULAR TO THE WIND DIRECTION). 

This represents the ideal power available. The laws of nature 
LIMIT ideal PROPELLORS TO 59.3% OF THIS POWER. If THE LOSSES 
OF A REAL PROPELLORj GEARING AND GENERATOR ARE CONSIDERED^ 
REALISTICALLY 3 TO 3,5 WATTS OF POWER COULD BE OBTAINED FROM 
ONE SQUARE FOOT OF THIS 13 MPH WIND, In AN EFFORT TO TAP THIS 
WIDESPREAD SOURCE OF "FREE" ENERGY^ SEVERAL COUNTRIES DESIGNED^ 
CONSTRUCTED AND TESTED COMPARATIVELY LARGE WIND MACHINES, 

One of the first large experimental machines was this 100 Kw 
(Fig. 3) wind turbine which was built in 1931 by the Russians. 

It was located at Balaclava near Yalta on the Black Sea (Ref, 

5 j 6 & 7). The rotor is 100 feet in diameter and the tower is 
100 FEET HIGH. MAXIMUM RATED POWER > 100 Kw^ WAS OBTAINED AT 
WIND SPEEDS IN EXCESS OF 24,6 MPH, THE AVERAGE WIND SPEED AT 
THIS SITE WAS 15 MPH. THE ROTOR DROVE A 100 KW^ 200 VOLT IN- 
DUCTION GENERATOR WHICH WAS CONNECTED BY A 6300 VOLT LINE TO A 
20 MEGAWATT STEAM POWER STATION LOCATED IN SEVASTOPOL SOME 20 
MILES AWAY, ALTHOUGH THIS WIND MACHINE WAS VERY PRIMITIVE; 

I.E., THE BLADE SURFACE WAS ROOFING METAL AND THE MAIN GEARS 
WERE MADE OF WOODj THE PLANT DID ONE YEAR ACHIEVE AN OUTPUT OF 
279,000 KILOWATT HOURS, ThIS GAVE A POWER UTILIZATION YIELD,’ 
THAT IS, THE ACTUAL POWER OUTPUT DIVIDED BY TOTAL POSSIBLE POWER 

OUTPUT, OF 32%, The generator and controls are located in the 
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HOUSING ON TOP OF THE TOWER, REGULATION WAS ACCOMPLISHED BY 
PITCH CONTROL OF THE BLADE, ThE WIND THRUST WAS ABSORBED BY 
THE INCLINED STRUT, ThE GROUND PORTION OF THIS STRUT RESTS 
ON A CARRIAGE WHICH SITS ON A CIRCULAR TRACK. ThE CARRIAGE 
WAS AUTOMATICALLY DRIVEN TO KEEP THE ROTOR FACING INTO THE 
WIND, In ADDITION TO THIS MACHINE, THERE HAVE BEEN MANY SMALLER 
MACHINES INSTALLED IN RUSSIA TO SUPPLY POWER TO AGRICULTURAL 
COMMUNITIES, 

The LARGEST (1250 Kw^) (Ref. 5, 8, 9 & 10) wind machine to 
DATE STARTED IN 1934 WHEN AN ENGINEER, PaLMER C. PuTNAM, BEGAN 
TO LOOK AT WIND DRIVEN GENERATORS TO REDUCE THE COST OF ELEC- 
TRICITY TO HIS Cape Cod home. In 1939, Putnam presented his 

IDEAS AND THE RESULTS OF HIS PRELIMINARY WORK TO THE S, MoRGAN 

Smith Company of York, Pennsylvania. The S, Morgan Smith 
Company agreed to fund a wind energy project and the Smith- 

PUTNAM WIND TURBINE EXPERIMENT WAS BORN. ThE WIND MACHINE WAS 
TO BE CONNECTED INTO THE CENTRAL VERMONT PUBLIC SERVICE CORPORA- 
TION'S EXISTING SYSTEM. OuT OF SOME 50 VERMONT SITES CONSIDERED, 
A 2000 FOOT HILL, GrANDPA's KNOB, LOCATED IN RUTLAND, VERMONT, 

WAS SELECTED. A NUMBER CF ?<W6il'lEERS FROM SEVERAL UNIVERSITIES 
PARTICIPATED IN THE PROJECT. AUGUST 29, 1941, LESS THAN 
TWO YEARS AFTE_R THE ORIGINAL MEETING, THE BLADES WERE ROTATED 
FOR THE FIRST TIME, 

The Smith-Putnam machine (Fig, 4) is physically the largest 

WIND MACHINE EVER BUILT AND TESTED. ThE TOWER WAS 110 FEET 
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HIGH WHILE THE ROTOR WAS 175 FEET IN DIAMETER AND HAD AN 11 
FOOT ^ INCH CHORD, EACH OF THESE BLADES WEIGHED 8 TONS AND 
WAS MADE WITH STAINLESS STEEL RIBS COVERED BY A STAINLESS STEEL 
SKIN. The BLADE PITCH WAS ADJUSTABLE TO MAINTAIN A CONSTANT 
ROTOR SPEED OF 28,7 RPM. ThIS ROTATIONAL SPEED WAS MAINTAINED 
IN WIND SPEEDS AS HIGH AS 70-75 MPH, At HIGHER WIND SPEEDS^, 

THE BLADES WERE FEATHERED AND THE MACHINE WAS BROUGHT TO A 

STOP, The rotor turned an AC synchronous generator that pro- 
duced 1250 kilowatts of power at wind speeds greater than 30 
MPH. This power was fed into the power company network. 

Shortly after the system had gone through its initial checkout 
and was brought on line, a main BEARING FAILED. SiNCE IT WAS 
WAR TIME AND THIS WAS A LOW PRIORITY PROJECT, IT TOOK SEVERAL 
YEARS BEFORE A NEW MAIN BEARING WAS OBTAINED. ThE NEW BEARING 
WAS INSTALLED EARLY IN 1945. FOLLOWING THE INSTALLATION, THE 
MACHINE WAS OPERATED ONLY A FEW MONTHS WHEN AN OVERSTRESSED 
BLADE FAILED. ToTAL INTERMITTANT RUNNING TIME ACHIEVED WAS 

1100 HOURS. The project was reviewed and although considered 

TO BE A technical SUCCESS, WAS NOT CONSIDERED TO HAVE DEMONSTRATED 
FAVORABLE ECONOMICS, UsiNG THE ORIGINAL INSTALLATION COST DATA, 
ADDITIONAL MACHINES IN SMALL QUANTITIES WOULD HAVE COST APPROXI- 
MATELY $190/ INSTALLED Kw, ThE TARGET PRICE IN 1945 WAS $125/lN- 
STALLED Kw. THE PROJECT WAS STOPPED AND THE WIND MACHINE WAS 


DISMANTLED. 
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The technical results of the Smith-Putnam wind turbine caused 
Percy H. Thomas^ an engineer with the Federal Power Commission, 

TO SPEND APPROXIMATELY 10 YEARS IN A DETAILED ANALYSIS OF WIND 
POWER ELECTRIC GENERATION (ReF. 10 & 11), Mr. ThOMAS, USING 
LARGELY THE ECONOMIC DATA FROM THE GrANDPA's KnOB OPERATION, 
INITIALLY CONCLUDED THAT A 5000-10,000 Kw WIND-DRIVEN MACHINE 
WAS NECESSARY FOR ECONOMIC FEASIBILITY. BaSED ON THESE RE~ 
SULTS, HE DESIGNED TWO LARGE MACHINES,* ONE OF 6500 Kw AND THE 
OTHER OF 7500 Kw. 

The 6500 Kw machine is shown in Fig. 5. The Federal 
Power Commission in 1951 tried to get Congress interested in 
FUNDING A prototype OF THIS MACHINE. BECAUSE IT WAS KOREAN 
War time, the project was not funded and was subsequently can- 
celled. To GIVE YOU SOME DETAILS OF THE SYSTEM, THE TOWER 
HEIGHT WAS 475 FEET AND EACH OF THE ROTORS WAS 200 FEET IN 
DIAMETER, ThE ROTORS DROVE DC GENERATORS WHICH PRODUCED 6500 
Kw AT WIND SPEEDS GREATER THAN 28 MPH. ThE DC POWER FED A 
DC TO AC SYNCHRONOUS CONVERTER WHICH WAS TO SUPPLY THE ELECTRI- 
CAL NETWORK. All GENERATING EQUIPMENT WAS TO BE HOUSED ATOP 
THE TOWER. FIr. ThOMAS ESTIMATED THE CAPITAL COSTS FOR THIS 
MACHINE AT $75/l NSTALLED Kw. 

The English also had a fairly extensive wind energy program 
FROM 1945 TO 1960 (Ref. 7). One machine shown in Fig, 6 
is the Enfield-Andreau wind turbine. This machine was built 
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IN England and set up at St. Albans in the early 1950' s. It 
WAS DESIGNED TO PUT OUT 100 KW OF AC POWER IN A 30 MPH WIND, 

The tower was 100 feet high while the rotor measured 79 feet 

FROM TIP TO TIP, THIS MACHINE IS PARTICULARLY INTERESTING 
IN THAT UNLIKE CONVENTIONAL WIND TURBINES^ IT USED AIR RATHER 
THAN GEARS TO TRANSMIT THE PROPELLOR POWER TO THE GENERATOR, 

The PROPELLOR BLADES WERE HO' LOW AND WHEN THEY ROTATED^ THEY 
ACTED AS CENTRIFUGAL AIR PUMPS. ThE AIR ENTERED PORTS IN THE 
LOWER PART OF THE TOWER^ PASSED THROUGH AN AIR TURBINE WHICH 
TURNED THE ELECTRICAL GENERATOR^ WENT UP THROUGH THE TOWER 
AND OUT THE HOLLOW TIPS OF THE BLADES, UNFORTUNATELY^ THE 
INTERNAL AIR DUCT FRICTION LOSSES OF THE MACHINE WERE LARGE 
ENOUGH TO MINIMIZE ANY ADVANTAGES ACHIEVED BY ELIMINATION OF 
MECHANICAL COUPLING, 

The Danish also had an effort during the 1950's, The result 
OF some of this work^ the Danish Gedser wind turbine^ is shown 
IN Fig, 7; This machine, built in 1957, produced 200 Kw 
IN A 33.6 MPH wind. It was connected to the Danish public 
POWER system and PRODUCED APPROXIMATELY 400,000 Kw HOURS PER 
year. The tower was 85 feet high and the rotor 79 feet in 

DIAMETER, ThE GENERATOR WAS LOCATED IN THE HOUSING ON THE TOP 

OF the tower, The installation cost of this system was 
APPROXIMATELY $205/Kw, ThIS WIND TURBINE RAN UNTIL 1968 WHEN 
IT WAS STOPPED, 
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The French also did some work during the 1950' s (Ref, 7 & 

12). It is known that they built at least two large machines, 
One of 130 Kw (Fig. 8) had a blade diameter of approximately 70 
FEETj THE other (FiG, 9), A 300 KW MACHINE, HAD A BLADE DIAMETER 
OF APPROXIMATELY 100 FEET AND WAS LOCATED AT NoGENT LeROI, IN 
France. 

The Germans, under the direction of Dr. Ulrich Hutter, did 
SOME very fine WORK IN THE 1950'S AND 1960's (ReF, 7). ThE 
first machine SHOWN IN FiG, 10 PRODUCED 100 Kw OF POWER 
IN AN 18 MPH WIND. PREVIOUS MACHINES REQUIRED MUCH HIGHER 
WIND SPEEDS. This machine used lightweight, 115 foot diameter 

FIBERGLASS BLADES WITH A SIMPLE HOLLOW PIPE GUY WIRE SUPPORTED 

TOWER. This machine changed blade pitch at higher wind speeds 
TO KEEP the PROPELLOR ROTATION CONSTANT, Dr, HuTTER's MACHINES 

RAN FROM September 1957 to August 1968. During this period, 

HE obtained more THAN AOOO HOURS OF FULL RATED POWER OPERATION. 
He also MADE substantial contributions to THE DESIGN OF HIGH 
SPEED WIND TURBINE ROTORS. ThE GERMAN EFFORT REPRESENTS AD- 
VANCED WORK ON LARGE WIND MACHINES. 

Considering the ones reviewed above and others, it is clear 

THAT WIND TURBINE SYSTEMS HAVE BEEN BUILT AND TESTED IN MANY 

countries around the world. However, after running for a 

WHILE, THESE SYSTEMS WERE DISMANTLED. ThE PROBLEM IS THAT 
THE INSTALLATION COST PER KILOWATT OF CAPACITY OF THE WIND 
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TURBINES HAS BEEN TOO HIGH COMPARED TO OTHER METHODS OF PRO- 
DUCING ELECTRIC POWER. IN ADDITION, BECAUSE OF WIND VARIABILITY, 
IT IS USUALLY NOT SUFFICIENT TO HAVE A WIND TURBINE ALONE, ONE 
MUST ALSO CONSIDER FORMS OF ENERGY STORAGE, 

Today's increasing cost of fuel coupled with potential fuel 

SCARCITIES has CAUSED THE RE-EXAMINATION OF WIND ENERGY AS A 
FUTURE SOURCE OF POWER. In THIS REGARD, THE NATIONAL SCIENCE 

Foundation (NSF) has been made responsible by the Executive and 
Congress for carrying out the Nation's solar energy program, 

A part of which is wind energy, 

Wind energy is being considered because it isi 
Nondepleting; 

Nonpolluting; 

Free fuel source. 

These advantages must be weighed against the disadvantages: 

The wind is a variable source; 

System costs have been high, 

The National wind energy part of the solar program (Ref, 5) 

CALLS FOR! 

(1) Studies, construction, and testing of wind energy con- 
version SYSTEMS WITH AND WITHOUT STORAGE; 

(2) Studies, construction, and testing of energy storage 


SYSTEMS; 
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(3) Meteorological studies to estimate the wind energy in the 
Nation and to determine favorable regions and sites for wind- 
driven ENERGY systems; AND 

(^) Studies and identification of suitable a°plications for 
WIND energy demonstration tests. 

The planned accomplishments of this five-year program are; 

(1) Identification of cost effective wind energy conversion 
systems; 

(2) Construction and operation of wind conversion prototypes; 

(3) Developed and proven wind conversion components and 
subsystems; 

(4) Proven cost effective energy storage systems; 

C5) Available demonstration systems with storage for selected 

APPLICATIONS; 

(6) An accurate estimate of the Nation's wind energy potential; 

AND 

(7) Developed techniques for selecting sites for wind conver- 
sion systems. 

NASA-LeRC is managing the large scale experiments project; i.e.^ 
THE 100 Kw AND MW SIZE CONVERSION SYSTEMS. LeWIS' PARTICIPATION 
IS A DIRECT RESULT OF OUR AERONAUTICAL AND AEROSPACE BACKGROUND. 

Many years of experience in aeronautics, propulsion and space 

POWER SYSTEMS RESEARCH AND DEVELOPMENT AND PROJECT MANAGEMENT 
GIVE US A BROAD CAPABILITY IN ALL THE REQUIRED TECHNOLOGIES. 
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We also have from our large space projects the necessary systems 

EXPERIENCE. 

The overall goal of the wind energy program is to expedite 
THE development OF RELIABLE AND COST COMPETITIVE WIND ENERGY 
CONVERSION SYSTEMS — SYSTEMS WHICH ARE CAPABLE OF RAPID COM- 
MERCIAL EXPANSION TO PRODUCE SIGNIFICANT QUANTITIES OF ELECTRICAL 
ENERGY AS AN ALTERNATIVE ENERGY SOURCE, THIS LeWIS FIVE-YEAR 
WIND ENERGY PROJECT IS A COMBINED IN-HOUSE/cONTRACTOR EFFORT 
CONSISTING of: 

(1) THE SMALL SYSTEMS PROJECT,' 

(2) THE MW SIZE SYSTEMS PROJECT; 

(3) SUPPORTING RESEARCH AND TECHNOLOGY; AND 
(^) ENERGY STORAGE, 

Small Systems Project . The Small Systems Project is to 

DEVELOP COST-COMPETITIVE VMND ENERGY CONVERSION SYSTEMS IN THE 
POWER RANGE OF 50 TO 250 Kw. THE RESULTS OF OUR EARLY DESIGN 
AND OPERATING EXPERIENCE AND THE SUPPORTING RESEARCH AND TECH- 
NOLOGY EFFORT WILL BE USED TO PROVIDE INPUT TO THE MORE ADVANCED 
DESIGNS. 

The FIRST 100 Kw machine is being designed by LeRC using 

EXISTING TECHNOLOGY. It WILL BE INSTALLED AT OUR PlUM BrOOK 
facility NEAR SaNDUSKY, OHIO, SOME 50 MILES WEST OF CLEVELAND, 
This unit, scheduled to be in operation in 1975, will provide 

EARLY OPERATIONAL EXPERIENCE, AND ALSO SERVE AS THE TEST BED 
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FOR TESTING COST EFFECTIVE COMPONENTS RESULTING FROM THE SUP- 
PORTING RESEARCH AND TECHNOLOGY PROJECT. 

Based on studies and operating experience, a 100 Kw wind 

ENERGY SYSTEM OF ADVANCED DESIGN WILL BE COMPLETED. THIS 
MACHINE IS TO BE COMPLETED BY CONTRACTOR EFFORT IN TWO PHASES, 

In the FIRST PHASE, CONTRACTS WILL BE AWARDED FOR CONCEPTUAL 
DESIGN, PARAMETRIC ANALYSIS AND PRELIMINARY DESIGN, IN THE 
SECOND PHASE, A CONTRACT WILL BE AWARDED FOR DETAILED DESIGN, 
FABRICATION, ERECTION AND OPERATION OF THE MOST PROMISING 
FIRST-PHASE DESIGN. 1t IS PRESENTLY CONTEMPLATED THAT TWO TO 
FOUR UNITS WILL BE BUILT AND INSTALLED AT SELECTED SITES. 

The SUCCEEDING PROGRAM DEPENDS ON RESULTS OBTAINED FROM THESE 
EXPERIMENTAL UNITS, 

The Megawatt Size Systems Project . The Megawatt Size Systems 
Program is to develop wind-energy conversion systems in the 
POWER range of 500 to 3000 Kw for tie-in to existing public 
utility power lines. This objective is to be accomplished in 
three steps, 

The first megawatt wind energy system is based on existing 
technology and should have good inherent reliability. It will 
BE designed and FABRICATED BY CONTRACTOR EFFORT. THIS WORK, 
similar TO THE SMALL SYSTEMS PROJECT, WILL BE DONE IN TWO PHASES 
In THE FIRST PHASE, CONTRACTS WILL BE AWARDED FOR CONCEPTUAL 
DESIGN, PARAMETRIC ANALYSIS AND PRELIMINARY DESIGN OF A HIGH- 
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POWER SYSTEM. IN PHASE 1 , A CONTRACT WILL BE AWARDED FOR THE 
MOST PROMISING PHASE 1 DESIGN. ThE UNIT WILL BE INSTALLED AT 
A SELECTED SITE TO PROVIDE EARLY OPERATIONAL EXPERIENCE WITH 
LARGE SYSTEMS, BaSED ON OPERATIONAL EXPERIENCE AND OTHER TECH- 
NOLOGY INPUTS^ EXPERIMENTAL UNITS WILL BE CONSTRUCTED FOR TEST 
INSTALLATION AT SELECTED SITES, 

Supporting Research and Technology Project . The Supporting 
Research and Technology Project is designed to develop cost- 
effective components and/or approaches FOR BOTH THE SMALL AND 
I'^W ADVANCED WIND ENERGY SYSTEMS, THE MAIN WORK ELEMENTS RECOGNIZED 
AT THIS TI?*.F ARE VARIOUS TECHNOLOGY PROJECTS IN BLADES, PITCH 
CHANGE :r;LCHANISMS, POWER TRANSMISSION MECHANISMS, GENERATORS 
AND CONTROLS, ENERGY STORAGE AND STRUCTURES, 

The windmill test site at our Plum Brook facility is shown 
IN Fig, 11, For the purpose of orientation, you are upwind 
southwest of the windmill site looking northeast. This is the 
direction of the summer prevailing wind. We have installed at this 
site a 200 foot instrumented weather tower. This tower will 
be used to obtain both steady flow and gust wind measurement, 

A SMALL, A,1 Kw research machine will be downstream and to 
the left of this weather tower. The 100 i(w machine will be 
SOME 600 feet downstream and to the right of this weather tower. 
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Although the 100 Kw machine design is not fixed, a scale 

MODEL OF THE PRESENT DESIGN IS SHOWN IN FiG. 12, In THE 
REAL MACHINE, THE TRUSS TOWER WILL BE 100 FEET HIGH AND THE 
ROTOR 125 FEET IN DIAMETER (ReF, 13), ThIS MACHINE IS DESIGNED 
TO BEGIN TURNING IN 8 MPH WIND AND TO REACH ITS RATED OUTPUT 

OF 100 Kw AT 18 MPH, The blade pitch changes to maintain a 
CONSTANT TURNING SPEED OF ^0 RPM AND 100 Kw AT WIND SPEEDS 
GREATER THAN 18 MPH. 

Present design thoughts are to shut the machine down at wind 

SPEEDS LOWER THAN 8 MPH OR IN EXCESS OF 60 MPH. ThIS WIND 
TURBINE FAVORS THE DESIGN OF Dr, HuTTER. ThE 40 RPM OF THE 
MAIN ROTOR GOES THROUGH A GEAR BOX TO TURN AN 1800 RPM 100 KW 
480 V 3 PHASE 60 CYCLE SYNCHRONOUS TYPE GENERATOR, In THE 
CHECKOUT PHASE OF THE SYSTEM, THE GENERATOR WILL BE CONNECTED 
INTO A LOAD BANK WHICH IS INDEPENDENT OF THE GRID, AfTER 
SUFFICIENT EXPERIENCE AND CONFIDENCE IN THE WIND MACHINE ARE 
ACHIEVED, THE GENERATOR WILL BE CONNECTED INTO THE LOCAL UTILITY 
GRID. The GEAR box, GENERATOR, AND CONTROL SYSTEMS ARE ALL 
CONTAINED ATOP THE TOWER. 

In OPERATION, THE BLADES RUN BEHIND THE TOWER, ThIS IS 
OPPOSITE FROM THE WAY MOST WINDMILLS HAVE OPERATED IN THE PAST, 
The PROBLEM HAS BEEN THAT THE BLADE SETS UP VIBRATIONS IN THE 
TOWER CAUSING IT TO FATIGUE. In OUR DESIGN, THE TOWER SETS 



UP VIBRATIONS IN THE BLADE. SiNCE THE BLADE IS FLEXIBLE, OUR 
ANALYSIS INDICATES IT CAN WITHSTAND THESE VIBRATIONS AND PRO- 
VIDE THE NECESSARY LONG LIFE. 

This far I have not in this talk addressed the very important 

ISSUES OF storage AND POTENTIAL APPLICATIONS OF THE ENERGY PRO- 
DUCED, Some storage mechanisms are shown in Fig, 13, One 

METHOD OF STORAGE IS TO USE BATTERIES. TYPICALLY, LEAD-ACID 
batteries have an energy DENSITY of 10 WATT-HOURS PER POUND, 

ARE GOOD FOR ABOUT 1500 CHARGE-DISCHARGE CYCLES, AND COST 

$80/kilowatt hour. At the present time, no other conventional 

BATTERY SYSTEM APPEARS ABLE TO SUCCESSFULLY COMPETE WITH THE 
LEAD-ACID BATTERY FOR BULK ENERGY STORAGE (ReF, 14), NASA AND 
OTHERS ARE LOOKING AT ADVANCED BATTERY SYSTEMS POTENTIALLY 
CAPABLE OF STORING SEVERAL TIMES MORE ENERGY PER POUND OF WEIGHT 
AT A LOWER COST THAN CAN LEAD ACID, ThESE ARE SOME TIME AWAY 
FROM BEING COMMERCIALLY AVAILABLE IN QUANTITY, TheRE ARE ALSO 
PROGRAMS UNDERWAY EVALUATING ReDoX OR REDUCTION OXIDATION CELLS 

(Ref, 15), These comprise electrodes immersed in suitable 

SOLUTIONS OF ELECTROLYTES THAT ARE SEPARATED BY AN ION EXCHANGE 
MEMBRANE, To EXTRACT ENERGY FROM THE CHARGED SYSTEM, THE 
REDUCING FLUID FLOWS ALONG ONE SIDE OF THE ION EXCHANGE MEM- 
BRANE, WHILE THE OXIDIZING FLUID FLOWS ALONG THE OTHER SIDE, 

Electrons flow from the electrode in the oxidizing solution 
TO PRODUCE current FLOW IN THE EXTERNAL CIRCUIT, WHILE IONS 
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ARE EXCHANGED ACROSS THE MEMBRANE TO MAINTAIN THE ELECTRIC 
CURRENT AND THE CHEMICAL REACTION, THE SYSTEM CAN BE CHARGED 
BY FLOWING DISCHARGED FLUIDS ALONG THE MEMBRANE WHILE MAIN- 
TAINING A SUITABLE POTENTIAL DIFFERENCE AND CURRENT BETWEEN 
THE TWO FLUIDS, ThE ADVANTAGE OF THIS PROCESS IS THAT THE 
ENERGY TRANSFER AND STORAGE PROCESS CAN BE VERY EFFICIENT, 

There is also work going on in high energy density fly 
WHEELS (Ref, 16), Researchers in the field feel that they 

MAY BE ABLE TO DOUBLE THE ENERGY STORAGE PER UNIT OF WEIGHT 
COMPARED TO PRESENT LEAD ACID BATTERIES, 1f SUITABLE HIGH 
EFFICIENCY MECHANISMS FOR THE INSERTION AND EXTRACTION OF 
ENERGY FROM THESE FLY WHEELS ARE DEVELOPED^ THEY MAY BECOME 
A COMPETITIVE METHOD OF ENERGY STORAGE, 

Some other energy storage ideas shown are to pump water into 
A tower or to compress air with THE WIND ENERGY (ReF, 17 & 18), 
At SOME LATER TIME, WHEN THE ENERGY IS REQUIRED, THE WATER OR 
AIR COULD BE USED TO TURN TURBINES AND GENERATE POWER. 

One wind energy storage technique receiving attention is 
SHOWN IN Fig, 1A (Ref, 19). This uses the wind derived elec- 
trical POWER TO dissociate WATER INTO H 2 AND O 2 BY ELECTROLYSIS. 
The H 2 AND O 2 CAN BE PIPED TO A SITE WHERE ELECTRICITY COULD 
BE PRODUCED BY FUEL CELLS OR H 2 /O 2 COMBUSTION, ThE PROMISE 
OF THIS SCHEME LIES BASICALLY IN THE LOW COST OF TRANSMITTING 
THIS H 2 /O 2 ENERGY VIA PIPELINES. 
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One potential application of wind energy is the combining 

OF A WIND MACHINE WITH AN EXISTING DIESEL ELECTRIC SYSTEM 

(Fig, 15) (Ref, 5). Preliminary economic analyses show that 

WIND generated ELECTRICAL POWER MAY NOW BE COMPETITIVE WITH 

diesel electric power in higher average wind AREAS, 

Another potential application may be to integrate a large 
WIND energy system WITH A HYDRO ELECTRIC SYSTEM (FlC, 16), 

The arrangement shown might prove economical based on a number 
OF variables, a proposal (Ref, 20) made by Professor Heronemus 
FOR A nationwide GRID OF WINDMILLS IS SHOWN IN FiG, 17, ThE 
idea IS THAT ALTHOUGH THE WINDS ARE VARIABLE^ ON THE AVERAGE^ 
THERE IS ALWAYS WIND BLOWING IN SOME AREAS, If YOU HAD A LARGE 
NUMBER OF WINDMILLS OVER A LARGE PORTION OF OUR COUNTRY AND 
THEY WERE ALL INTERCONNECTED^ THEN A LARGE AMOUNT OF POWER 
SHOULD BE PRODUCED ALL THE TIME, THE CONCEPT^ OF COURSE^ HAS 
YET TO BE VERIFIED IN A PRACTICAL SENSE, 

In CONCLUSION^ WINDS CONTAIN A LARGE AMOUNT OF AVAILABLE 

ENERGY, Recognizing this; several countries have built and 

TESTED WIND MACHINES, ThESE MACHINES HAVE SHOWN THE TECHNICAL 
FEASIBILITY OF WIND GENERATORS, THE PROBLEM WITH THESE MACHINES 
HAS BEEN that: 

(1) WINDS ARE VARIABLE; STORAGE IS REQUIRED; 

(2) THE COSTS HAVE BEEN HIGH WHEN COMPARED TO FOSSIL FUEL 
SYSTEMS; AND THUS OPERATING COSTS OVER PLANT LIFETIMES FOR WIND 
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MACHINES APPEAR TO EXCEED COSTS WITH FOSSIL FUEL SYSTEMS; 

(3) THERE HAS BEEN NO MAJOR SUSTAINED EFFORT TO MAKE WIND 
MACHINES COMPETITIVE WITH OTHER ENERGY PRODUCING SYSTEMS, 

Because of today's energy problems, NASA is cooperating with 

NSF IN A FIVE-YEAR WIND ENERGY PROGRAM. THE OBJECTIVE OF THIS 
program is to develop COST COMPETITIVE WIND ENERGY SYSTEMS, 

Preliminary analyses show that in the high average wind areas, 

WIND generated ENERGY CAN BE COMPETITIVE WITH SOME OTHER 
existing POWER PRODUCTION METHODS, 

Using present state-of-the-art technology, a 100 Kw windmill 
IS scheduled to be installed and operating at the NASA Lewis 
Research Center's Plum Brook Facility during 1975 as a 
precurser of future larger machines. 
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figure V ■ Propped 6500 kW Percy Thomas twin wheel turbine. 
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figufF I?. - Wodfl Ql thr NASA lou .Y. »ind mj<h.n. 



f iqure 1 3. Some storage mechanisms lor wind energy. 




Fiqure li. - Wind turbiiin applied to exislinq diesel -electric systems. 
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f igure I' Aind turbines integrated with an eiisting hydroelectric system 
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Figure 17. - V/ind turbines distributed to take advantage o( prevailing winds, 
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